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Standard Test Method for 
Free-Swelling Index of Coal 1 

TW« .turiud h ***** under lb* fix* D 720; th, numbc mm*ta*y felto-m* «±*<^i^*> J 


1. Scope 

1.1 This test method 1 is a small-scale test for obtaining 
information regarding the free-sweOiiig properties of a coat 
The results may be vsed as an indication of the caking 
characteristic of the coal when burned as a fuel. This test is 
not recommended as a method for the determination of 
expansion of coal* m coke ovens. 

12 The values stated in SI units are to be regarded as the 
standard. Ttae values given in parentheses are tot informa- 
tion only. 

I J This standard does not purport to address all oj the 
safety problems, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro- 
priate sajety and health practices and determine the applica- 
bility of regulatory limitations prior to use. 

2. Refereaced Document 

2.1 ASTM Standard; . 
D201 i Method of Preparing Coal Samples for Analysis 3 

3. Significance and Us* 

3.1 This test method, m addition to indicating the caking 
properties of a coal when burned as a fuel, can be used to 
give a broad indication of the degree of oxidation of a coal. 

4. Apparatus 

4.1 This lest method can be made with either electric or 
gas heating- When using electric heating the results obtained 
must be the same as those obtained when using the gas 
heating method The apparatus common to both electric and 
gas methods shall consist of the following: 

4.1.1 Crucible, translucent silica, low-form, with a flat, 
close-fitting silica ring-handle lid and an extra pierced lid for 
use in determining the crucible temperature, conforming to 
the following requirements: 


» TOi is* method b under Ac JuiWwlwa rf ASTM Cosaato* WmGobI 
ax) Coke ud nth* direct respacsibtisy of Subcommittee D05.15 ot> Pkmidry 

^M^^ Sept 15, 1991. MUbtal Miy IMZ. Oripn-lly 
MbtMvi « D 720 - 43. La*t pm-iou* edition D 720- S3. 

*Tta ten method it as mtaptatioo of the CrueiSleSwaUtai Test for Coal, of the 
Briti* «»*f^*"fc Isolation. Far krfbnnadoo concaving the eapcniOttUl writ 
oo wttcfa ihb odapwttoa ii boed, *e paper bj Orfhots. H^H l^tocte^hl 

Method fcr the Craribto SwdUat Ted for Coat* /*wwa^ Am. Soc. Teams 
Ml Vol 4J, 1043; p. 851. 5fft«ta> m paper by Mrig, W. A., and Ode W R. 
-ATtovaiSto) of » Uhontary T« ft* Detenniaatloa of the FtoSmOtas 
Index of Coal," U.S. Bwtm efMttm Report eftmrrtfrMkm 4I3S, Revimn of R. 
I. 3989 194B. 

' *A^nxd Bock of ASTM Standards Vol 05.05. 


EtlemaJ bright, mm 
E.Kt«mal dimeter at top, mm 
Internal diftiDCtcr *i base, win, mm 
Capacity (aporataste), cm* 


I1.0W 12.75 
25 ±0.5 
41 ± 0.75 
II 
17 


4.1.2 Sight Tube, as shown in Fig. I, for viewing the coke 
buttons so that the effect of parallax will be eliminated. Make 
the tube of any rigid and preferably opaque material and 
support vertically on a ring stand 

4.1.3 Thermocouple and Potentiometer. 

4.1.4 Weight, 500-g 

42 The electric apparatus shall consist of the following: 

4.2. 1 Furnace, consisting of a base, a heating element, and 
a chimney. The unit is shown in Fig. 2. 

4.2.1.1 Chimnty-ftgort 2 shows the chimney design. 
Make the unit from firebrick and coat with frrebrick bonding 
mortar. Maintain the chimney under compression by a 
sheet-metal envelope (Fig. 2) in order to prevent cracking. 
Make the envelope in four pieces, each piece covering a 
corner. The pieces shall overlap at the center of the flat faces 
and be held together by bolts and springs. Place two layers of 
asbestos paper between the chimney brick and the envelope. 
Cut two grooves in the upper inside chimney walls to 
accommodate the crucible support In cases where the 
furnace is located in a drafty area* it is advisable to shield the 
chimney to prevent large fluctuations in furnace tempera- 
ture. 

4.2.2 Crucible Support— A convenient crucible snpport 
coti&ista of a cradle support made from nickd-chromium 
wire suspended from a metal ring The height of the snpport 
inside the furnace can be adjusted by loosening the two 
screws that hold the wire legs of the support in place. 

4.2.3 Electric Controls, consisting of a rheostat an a< 
ammeter, and two timers. These components shall conform 
to the following specifications; 

Ammeter *c, 0 U> 10-A "n»* 

RbooftaL 100 W. 10 a 

Variable tnptbnwr 7.4 A. 120 V 

Two- mechanic**. 0-5 min minimw» span, «rftb » 

bold paOkm. and ejects ca) contact doatd 
dwrin* timing eyefe 

4.2.3. 1 One timer shall actuate the rheostat, at a predeter- 
mined setting, after I to mm of operation. Preset the rheostat 
in order to reduce the rate of heating of the furnace so that a 
temperature of 820 ± 5*C ( I SOS ± 9*F> is achieved at the end 
of Vh min. A variable transformer is desirable for estab- 
lishing the input voltage to the furnace. 
43 The gas apparatus shall consist of the following: 
4J.1 Burner Assembly— A gas burner with a grid of 
external diameter. 30 to 42 mm (1.18 to 1,65 in.), a draft 
shield, and a triangular crucible support as shown in Ftg. 3. 
Make the draft shield, conforming to the dimensions shown 
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in Fig. 3 from the asbestos-cement pipe, and at the top it 
5hall have three slots, 25 mm (1 in.) in dcpt^m which the 
wires of the crucible support rest. Support the draft shield on 
a ring stand, so that the distance between the base of tbe 
crucible and the top of the burner grid may be adjusted by 
ra£ns or lowering the draft shield. Make the triangular 
crucible support from three pieces of translucent silica tubing 
each 6 3 mm (2.5 in.) in length, 6 to 6 J mm (0.24 to 0.26 in.) 
in external diameter, and mounted on chrormum-niclcd wire 
so that the diameter of the inscribed circle is approximately 
32 mm (1.26 in.). The twisted ends of the triangle may be 
joined together by a loop of wire in order to facilitate 
removal of the hot crucible. 

4.3.2 Flowmeter — A capillary flowmeter with water ma- 
nometer placed in the gas line before the burner as a guide to 
the control of the rate of gas flow (FSg, 3), 

5. CaHbrurJon 

51 Electric Furnace: . 

5.1. 1 Turn the main power switch on and set the toner to 
tbe HOLD pooton. Adjust the variable transformer so that 
the ammeter reads 5.8 A. Allow at least 45 rain for the 
furnace temperature to reach equilibrium. 

5 1 2 Set the timer just beyond the I Vfc-mm mark. At I '/» 
min, lower an empty crucible with pierced lid into the 
furnace. Measure the temperature at the inside base of the 
crucible with a thermocouple and a potentiometer. The 
unprotected junction of the thermocoupk must be m contact 
with the made base of me crucible. At the end of m min, 
the temperature should read 800 ± 10*C {1472 ±18 FX 
Adjust the variable transformer as necessary to provide this 
temperature* 

5.U A temperature of 820 ± 5'C (1508 * 9T) must be 
attained at the end of 2Vi min. The second tuner shall he 
used here. The control unit rheostat must be properly 
adjusted in order to reduce the heating rate at the end of 1 
min. If tbe rheostat is set initially so that at the end of iv> 
min the ammeter reading it reduced by 0.6 or 0.7 A, the 
specified temperature at the end of Vh min should be 
attained. Several trials will no doubt be Qwessary before tbe 


D720 

proper temperatures at V/t and 2 J A min are reached; how- 
ever, the information given above provides a general guide 
for calibration. The silica crucible and cover must be at room 
temperature before each calibration run. . 

5 1 4 After each calibration attempt or sample run, switch 
the timer to the HOLD position, and allow about 1 rain for 
the furnace to reach equilibrium- 
5.2 Gas Burner: , 
5.2.1 With the burner assembly arranged as shown in rig. 
3, and who an empty crucible in position, light the burner 
about 15 min before making a determination to allow the 
draft shield to rise to an equilibrium temperature. 

5 2.2 After placing a crucible in position adjust the flow of 
gas and the relative positions of the burner and the draft 
shield so that the temperature of the inner surface of the 
bottom of the crucible reaches 800 ± 10*C (1472 ± 18*F) m 
\¥i min and 820 ± 5T (1508 ± TF) in 2^™^ These 
desired temperatures may usually be obtained by setting the 
draft shield so that the bottom of the crucible is approxi- 
mately 10 ram (0.4 in.) above the burner grid, and then 
adjusting the gas flame. Determine the crucible temperature 
by means of a thermocoupfe and a potentiometer. Insert the 
thermocouple through the pierced crucible lid so that the 
unprotected junction of the thermocouple is in contact with 
the base of the crucible. 


6. Preparation of Sample 

6.1 Grind the sample of coal to pass a 250-um (No. 60) 
sieve, and prepare it in accordance with the requirements of 
Method D 2013. 

6.1.1 The test should be performed within 24 h of tne 
time that a sample is pulverized to 60 mesh. 

Note t— For some coats, size consist of the sample is & variable that 
can affect ihe me of the coke button produced 

7. Procedure 

7.1 Preparation qf Coke Buttons; 

7. 1. 1 Electric Jtfrtferf— Weigh I g of the prepared sample 
into a cold crucible and level by UghUy tapping tbe crucible 
twelve times on a solid surface, rotating <t between taps. 
Cover the crucible with a solid lid. Set the control-unit timer 
just past the lft-min mark and set a separate timer at the 
2'/2-min mark. As the control-unit timer passes the 1%-mm 
mark, lower the crucible into the furnace and at the same 
time start the 2'A-min timer. The rheostat wiD be actuated at 
the end of l¥t min. The run will be finished at the end of2fc 
min. Remove the cole button carefully, and remove the 
carbon residue remaining in the crucible by ignraon. Make 
three buttons in this manner for each sample of coal tested . 

7.1.2 Gas Method— WcL&i 1 g of the prepared saxrrpje 
into a cold crucible, and level by Hghtly tapping the crucible 
twelve times on a solid surface, rotating it between taps. 
Cover the crucible with a solid lid and place it upright in the 
silica triangle supported in the draft shield; directly over the 
gas ftame. Heat the covered crucible in the gas flame for Use 
time required for the flame of the burning volatile matter to 
die out, but in any case for not less than 2Va min. Remove 
the coke button carefully, and remove the carbon residue 
remaining in the crucible by ignition. Make three buttons m 
this manner for each sample of coal tested. 

7.2 Measurement of Coke Button: 
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H£ATIKG WIRE 
MKKIL CHROMIUM 
0.9mm 10.0321 OlA, 


IHSULATtMO FtHEWPCK MAX. 
OPCRATWS TtMPCRATUftE 

1430 c (£soo Fl euu ocnstty 


WIDTH or COIL 



Knot 


two laVers of 
AseesToa rm*r 143 ' 

BETWEEN CHMNEY WICK 
AND MEW. ENVBJOPe 



ELECTRIC HCATt* < HO WATT* «8 VOLTS) 


CHIMNEY' 



PIG. 2 Fum»c* Base and Chimney 


FLOW METER- 
tm*l04l CAPILLARY 
fcftmrMI*1 LOW© 
0A9- 



SILICA TRI AMBLE 



CRUCIBLE 

<«'> 

HORHER 


;rd« 


DRAFT SHIELD 


FKI. 3 Details of Burner Assembly 

7.2. i View each coke button through the sight tube and 
compare il with the scries of standard profiles shown in Fig. 
4. Place the standard profile with which a button is to be 
compared exactly in the center of the fieJd of vision as 
viewed from the top of the tube. Mace the button on the 
profile and rotate it on its aws until, viewed with the eye 
placed immediately over the top of the tube, the maximum 
cross-sectional area is obtained. Record the number of the 


standard profile most nearly matched by the maxim um 
cross-sectional area of the button as the swelling index. If any 
button deviates by more than one unit from the other two 
buttons, make a new determination. 

7.2.2 Some coals give buttons that do not conform in 
shape to the standard profiles. For such coals, measure the 
maximum cross-sectional areas of the buttons, and deter- 
mine (he index from the relationship or the areas of the 
standard profiles to swelling indexes as shown in Fig. 5. For 
measuring the cross-sectional areas, mount the buttons on 
graph paper ruled into square centimetres and square 
millimetres, and trace the outlines of the buttons on the 
paper while viewing through the sight tube shown in Fig. 1. 
The buttons may be mounted conveniently by means of 
modeling day. The squares inside the outline may be 
counted, and fractions of squares along the boundary line 
estimated. 

Noti- 2— To take care ©("buttons whose crow-sectional area is greater 
itein ihat of standard profile 9. ihe curve shown in Fij. J has been 
exUrwJcd 10 include- about 700 mm' (1 ,08 in which is the maximum 
ciaas-seciional arru of ihc silica crucibles used in the test. 

7.2J Mechanical or electronic devices may be used to 
determine the standard profiles if they give results equivalent 
to those obiained with measurement techniques described in 
7.2.1 and 7.2.2. 

7.2.4 If the residue is coherent but nonswollen. place it on 
a flat surface and carefully place a 500-g weight on the 
button. If the button disintegrates, report the swelling index 
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n one half. If the button supports the weight or mcrdy 
cracks into rwo or three hard coherent pieces, report the 
number as one. 

8. Report 

fi.l Report the average * *"2 

buttons expressed to the ^^^f^^^^ 
method is to be used for International Claso^^ of hart 
Sal by type, make five buttons Report the swdlkigl^ax as 
^ Slesidue from the test sample is noncoherent 

9. Predilon and Was 4 

9.1 Prccisiort-Tte relative precision of this testmethod 
^me^ttninrtion of fiee-swetting index covers the index 
range from one to nine. 

NoT1 3-Attrt result is coorideml to be «. aven^of th« FSI 

9.1.1 Repeatabxlitr-Ttit difference in absolute value be- 


« Suppofdot data mc araMie ftoo AiTM HBniqw"*"- H*?"** 1 
1003 and RMXJ5-KJI I. 


tweea two consecuuve tests results, carried out on the same 
«pk£ STSne laboratory by the *me c*«ato, r using 
m7 same apparatus, should not exceed the re^tB^iry 
interval S{r)mort than 5 % of such paired values (95% 
coufklenos level). VVhen such a <«®*^ u ^ t0 
iereptttobuity interval, there to reason to quesfcon one w 
S^^^results- The repeatabiuty mu^ «br tms test 

"fit RZZrtucibiHty- The difference in absolute value of 
replicate determinations, carried outrndifferenl ^^atones 
otT representative sampte* prepared from J^J»~ 
sampteafter me last stage of «**^'*^i* c ^ i ?5 
leproAjcibility interval m more than 5 % of such paired 
va^(95 % confidence levelX When such adherence is 
found to exceed the n*rodudbOity interval, ^«"*° n 
? Question one or both of the test results. The reproduc- 
ibility interval for this test method is two, . 

913 «d*-3tnoe there is no accepted reference irtttenal 
suitable for determining thebi* for the procedures this test 
method, bias has not been determined. 

It, Keywords 

10 J coal; tree-swelling index 
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